1. Introduction
===============

Hepatitis C virus (HCV) is a blood-borne hepatotropic RNA virus that results in progressive liver damage. HCV transmission occurs through unsafe injection drug use, unsterile medical procedures in countries with high prevalence of HCV,^\[[@R1]\]^ and through transfusions of blood or blood products received before HCV testing became routine for blood donors.^\[[@R2]\]^ In transfusion-acquired HCV infection, disease progression is sequential, from acute to chronic infection, then to cirrhosis, and finally hepatocellular carcinoma (HCC).^\[[@R3]\]^ While individuals with posttransfusion HCV infection often die from liver failure or HCC,^\[[@R2]\]^ the viral load may be an independent risk factor for HCC development but not necessarily for liver-related mortality.^\[[@R4]\]^ An estimated 30 million people worldwide have chronic HCV infection, accounting for 27% of cirrhosis cases and 25% of liver cancer.^\[[@R5]\]^ However, life expectancy can still be relatively long due to the slow progression from fibrosis to cirrhosis (about 40% at 5 years) and subsequent HCC. ^\[[@R6]\]^ However, risk factors such as age, alcohol consumption, and male gender are more strongly associated with fibrosis progression in HCV infection than virological factors.^\[[@R7]\]^ In particular, health-risk behaviors such as smoking, alcohol consumption, unhealthy diets, and drug use are associated with higher mortality risk in HCV patients.^\[[@R8]\]^ Occupational exposure to toxic chemicals is another risk factor for HCC development in individuals whose liver function is already compromised with HCV.^\[[@R9]\]^ Additionally, risk of early recurrence of HCC is exceptionally high in patients with HCV-cirrhosis and successfully treated previous HCC and who had received subsequent direct-acting antiviral drugs (DAAs).^\[[@R10]\]^ Besides these multiple associated risks, HCV infection is also increasing. Prevalence of chronic HCV infection was 1% at the start of the 21st century and had increased to 2.2% by 2007.^\[[@R5]\]^ Prevalence of chronic HCV appears to be age-specific in hyperendemic areas of Japan, China, and Taiwan, where individuals of age over 50 years account for a 20-fold greater prevalence.^\[[@R11],[@R12]\]^

Chronic HCV infection is also associated with gallstone formation, especially in patients of both genders who have already progressed to liver cirrhosis.^\[[@R13]\]^ Cholelithiasis, or gallstone disease, develops through a complex interaction of genetic and environmental factors and is associated with aging, hyperlipidemia, and obesity.^\[[@R14],[@R15]\]^ In patients with chronic liver disease, the presence of gallstones is associated with the degree of liver dysfunction, with gallstone formation occurring more readily in liver cirrhosis compared to normal biochemistry or chronic hepatitis without cirrhosis.^\[[@R16]\]^ Gallstones are found in chronically infected HCV patients at a younger age than in those without liver disease and are associated with central obesity and liver steatosis, but not inherited gallstone disease.^\[[@R17]\]^ Although the complex relationship between HCV infection and gallstone disease is not explained precisely, biliary lithogenesis is suggested as a related factor to HCV infection. A known histological characteristic for chronic HCV infection is bile duct damage and HCV core protein may play a role in the malignant transformation of human biliary epithelial cells. Such evidence suggests that HCV infection damages the gallbladder mucosa, which may lead to gallstone formation.^\[[@R18]\]^

Gender differences have been seen in the prevalence of gallstones among patients with chronic HCV infection evaluated in population-based studies conducted in Taiwan and the United States.^\[[@R19],[@R20]\]^ The male-dominant prevalence of cholelithiasis in chronic HCV-infected individuals may be attributable to age over 50 years and more progressive underlying liver pathology in males compared to females; anti-HCV was only associated with males, and not with females.^\[[@R16]\]^ Nevertheless, women of all ages are still twice as likely as men to develop cholesterol gallstones from puberty through childbearing years before tapering off, highlighting the possible influence of female sex hormones.^\[[@R21],[@R22]\]^

To the best of our knowledge, the influence of female sex hormones such as estrogen on the prevalence of cholelithiasis has not been studied in patients with chronic HCV infection. We hypothesized that the male-dominant prevalence of cholelithiasis in patients with chronic HCV may change in different age groups in response to the effects of female sex hormones. Therefore, this study investigated the effects of age and gender on the prevalence of cholelithiasis in patients with chronic HCV infection.

2. Patients and methods
=======================

2.1. Study design
-----------------

Between September 2012 and August 2013, township-wide community health screening of the residents of Mailiao Township, Yunlin County, Taiwan, was conducted. All township residents were invited by mail, telephone, and the media to undergo a comprehensive health examination. A total of 12,348 participants responded and received this examination. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the institutional review board of Chang Gung Memorial Hospital. All enrolled subjects provided signed informed consent to participate in this study.

2.2. Study population
---------------------

The data of 12,348 participants were screened from the community-wide database. A total of 3739 subjects who were \<20 years of age, missing data for abdominal ultrasound examination and AST/ALT data, had invalid serum lipid profiles, were new residents of the designated township, had a history of chewing betel nut, alcohol drinking, or smoking status, were excluded. In addition, 120 patients who had received cholecystectomy previously were also excluded. Finally, the data of 8489 subjects (3671 males and 4818 females) with a mean age of 47.5 years (range: 20−102 years) were included for analysis (Fig. [1](#F1){ref-type="fig"}).
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2.3. Study variables
--------------------

The main endpoint of the present study was the prevalence of cholelithiasis, or gallstones. Different risk factors for the formation of gallstones were analyzed. Data obtained for each participant included demographics (age, gender), body mass index (BMI), disease associations (self-reported medical conditions such as hypertension and diabetes), lifestyle or behavioral factors (betel nuts chewing, smoking history, alcohol use, etc), and laboratory examinations (HCV antibodies, triglycerides \[TGs\], total cholesterol, HDL, LDL, hemoglobin \[HGB\], total bilirubin, direct bilirubin, and ALT/AST ratio, APRI and FIB-4 for noninvasive assessment of liver fibrosis).

### 2.3.1. Demographic data

Age and gender were recorded using questionnaires. Age was further grouped as those \<45 years old, 45 to 55 years old, and \>55 years old, mainly to evaluate the influence of pre-, peri-, and postmenopausal status of females on the development of cholelithiasis.

### 2.3.2. Anthropometric measures

Subjects were further categorized by weight using the World Health Organization (WHO) 1995 criteria for BMI of adults,^\[[@R23]\]^ where BMI \<18.5 kg/m^2^ is underweight, BMI = 18.5−24.9 kg/m^2^ is normal, BMI = 25−29.9 kg/m^2^ is overweight, and BMI ≥30.0 kg/m^2^ is obese.

### 2.3.3. Comorbid diseases

Comorbid diseases were self-reported using the questionnaires and they were included as variables. Relevant medical conditions (in addition to HCV status) included hypertension and diabetes mellitus (DM).

### 2.3.4. Lifestyle factors

Lifestyle measures, including betel nuts chewing, smoking tobacco, and alcohol consumption, were recorded using the questionnaires. Subjects were categorized as users or nonusers.

### 2.3.5. Laboratory examinations

Community health screening was sponsored by Chang Gung Memorial Hospital and all laboratory examinations were performed in the hospital laboratory as part of the health examinations. Tests included HCV antibody, TGs, total cholesterol, HDL, LDL, HGB, total bilirubin, and direct bilirubin. Subjects who tested HCV positive were further assessed by serum HCV-RNA within 3 months after the health examination.

### 2.3.6. Noninvasive assessment of liver fibrosis

Several noninvasive methods of assessing liver fibrosis have been used previously in clinical practice.^\[[@R24]\]^ Three methods were used in the present study using available data from the community health screening database, including aspartate aminotransferase (AST) to alanine aminotransferase (ALT) ratio index (ALT/AST ratio), AST to platelet ratio index (APRI), and fibrosis-4 index (FIB-4). Previous results^\[[@R25]\]^ showed that an ALT/AST ratio of ≥1 demonstrated good specificity (although relatively low sensitivity) for detecting cirrhosis in patients with chronic hepatitis C (CHC) with reported positive and negative predictive values (PPV, NPV) ranging from 73.7% to 100% and 46.7% to 53.2%, respectively. APRI is calculated as (AST/ upper limit of normal range)/platelet count (10^9^ L^−1^) × 100. This test shows only moderate accuracy for diagnosing CHC-related fibrosis and is not used routinely. The FIB-4 score combines platelet count, ALT, AST, and age and was developed initially for use in HCV/HIV coinfection. FIB-4 provides good discrimination between severe fibrosis (AUROC 0.85) and cirrhosis (AUROC 0.91).

2.4. Statistical analysis
-------------------------

Categorical variables, including demographic and clinical characteristics, laboratory examinations, and lifestyle measures, are summarized as n (%) by HCV status for females and males. Differences between HCV and non-HCV subjects were compared using Pearson Chi-square test or Fisher exact test. Univariate and multivariate logistic regression model analyses were performed to identify associations between cholelithiasis and variables, including demographics, clinical characteristics, laboratory examination, noninvasive assessments of liver fibrosis, and lifestyles. The interaction terms between HCV, sex, and age were also evaluated. Results are presented as odds ratios (OR) with corresponding 95% confidence intervals (95% CI) and *P* values. All statistical assessments were 2-tailed and considered significant at *P* \< .05. All statistical analyses were carried out with IBM SPSS statistical software version 22 for Windows (IBM Corp, Armonk, NY).

3. Results
==========

Among 12,348 participants receiving community health examinations, 3739 subjects who were \<20 years old, missing data for abdominal ultrasound examination and AST/ALT data, had invalid serum lipid profiles, were new residents of the township, or had a history of chewing betel nuts, drinking alcohol, and smoking were excluded. In addition, 120 patients who had received cholecystectomy previously were also excluded. Finally, the data of 8489 subjects (3671 males and 4818 females) with a mean age of 47.5 years (range: 20−102 years) were included for final analysis (Fig. [1](#F1){ref-type="fig"}).

Table [1](#T1){ref-type="table"} shows subjects' demographic and clinical characteristics by HCV and non-HCV for males and females. Females with HCV were associated with age, BMI, hypertension, DM, TG, HDL, total bilirubin, betel nuts chewing, and smoking (all *P* \< .05); while males with HCV were associated with age, hypertension, DM, TG, cholesterol, HDL, LDL, direct bilirubin, total bilirubin, HGB level, and betel nuts chewing (all *P* \< .05). The percentage of subjects with cholelithiasis was higher among HCV subjects than among non-HCV subjects (females: 8.1% vs 4.2%, respectively; *P* \< .0001; males: 9.1% vs 3.9%, respectively; *P* \< .001) (Table [1](#T1){ref-type="table"}).

###### 

Participants' demographics, clinical characteristics, laboratory examinations, and lifestyle measures by HCV status and gender.
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Results of univariate logistic regression analysis showed that HCV status and age were associated with the occurrence of cholelithiasis (OR = 2.17 for HCV vs non-HCV; OR = 2.44, 3.54 for age 45--55, and \>55 vs \<45 years; all *P* \< .05). To document their interactions, multivariate analysis showed a significant association between cholelithiasis and age/sex interaction terms in females (OR = 0.517, age \<45 given males vs \<45 given females; *P* = .011) (Table [2](#T2){ref-type="table"}). The prevalence of cholelithiasis was significantly associated with HCV subjects, but it was not statistically significant between age and sex interaction terms in HCV subjects. Figure [2](#F2){ref-type="fig"} presents the prevalence of cholelithiasis as 2.6%, 6.1%, and 6.3% for age groups \<45, 45 to 55, and \>55 years, respectively, in non-HCV females and 1.7%, 4.3%, and 7.9%, respectively, in non-HCV males (*P* \< .001). The prevalence rate ranged from 5.6% to 8.6% in HCV females and from 4.7% to 11.0% in HCV males (Fig. [2](#F2){ref-type="fig"}).

###### 

Univariate and multivariate logistic regression analyses of associations between cholelithiasis and interactions between age, gender, and HCV status.
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![Prevalence of cholelithiasis stratified by age for given gender and HCV status.](medi-97-e10846-g004){#F2}

Table [3](#T3){ref-type="table"} presents associations between cholelithiasis with 3 noninvasive assessments of liver fibrosis: ALT/AST ratio, APRI, and FIB-4. Univariate analysis showed that elevated APRI or FIB-4 are associated with the occurrence of cholelithiasis (OR = 1.35 for APRI and 1.90 for FIB-4; both *P* \< .05). When adjusted for covariates, including HCV status, sex, age, and interaction terms between age and sex, the adjusted OR only showed a significant association between FIB-4 and cholelithiasis (OR = 1.28, *P* = .019) (Table [3](#T3){ref-type="table"}).

###### 

Associations between cholelithiasis and noninvasive assessments of liver fibrosis.
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Table [4](#T4){ref-type="table"} presents multivariate logistic regression analysis of associations between cholelithiasis and all variables by HCV status and gender. Results of Model I showed subjects with HCV, females, age \>45 years, female aged \>55, elevated FIB-4 level, fat or heavy BMI category, and diabetes were associated with the occurrence of cholelithiasis (all *P* \< .05). Model II, including factors with significant associations in Model I plus laboratory examinations, also showed an association between abnormal total bilirubin level and cholelithiasis (OR = 1.494, *P* = .009). Model III, with Model II significant values plus lifestyle measures, showed that abnormal total bilirubin level and smoking were associated with the development of cholelithiasis (bilirubin: OR = 1.52, *P* = .006; smoking: OR = 1.62, *P* = .003) (Table [4](#T4){ref-type="table"}).

###### 

Multivariate logistic regression analyses of cholelithiasis and subjects' demographics and clinical characteristics, noninvasive assessments of liver fibrosis, laboratory examinations, and lifestyle measures.
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4. Discussion
=============

Results of our investigation of the effects of age and gender on the prevalence of cholelithiasis in subjects with chronic HCV infection vs non-HCV infected subjects revealed that gallstone disease was more prevalent among HCV-infected individuals than in non-HCV infected. HCV status and age were associated with the development of gallstones, and rates increased with age. Notably, after age of 55, cholelithiasis was more prevalent among HCV-positive males than females. The highest rates in non-HCV females and males were also in individuals over age 55 and were higher in males (7.8%) than in females (6.1%). Significant associations were found between cholelithiasis and age/sex interaction terms. All noninvasive tests for liver fibrosis were associated with the prevalence of cholelithiasis but only the FIB-4 was significantly associated. These findings of the present study have reconfirmed current knowledge of the association between HCV infection and cholelithiasis and highlighted the importance of certain crucial factors associated with gallstones, especially HCV status. Besides showing that age, gender, and HCV infection are associated with increased risk and prevalence of cholelithiasis, we examined the interaction between age and gender, which has seldom been studied previously, finding that after age of 55, gall bladder disease is more prevalent among HCV-positive males than among peri-menopausal females, and that hormonal changes in females over age of 55 may protect against cholelithiasis.

4.1. Prevalence and risk factors
--------------------------------

Regarding the association between HCV infection and the prevalence of gallstones, results of the present study agree with previous findings. In another study conducted in Taiwan, the prevalence rate of cholelithiasis was 6.8% in an HCV hyperendemic area and was associated with a higher mean age as in our study.^\[[@R19]\]^ Conte et al^\[[@R25]\]^ found an overall prevalence of gallstones of 29.5%, which increased significantly with age without regard to gender or the cause of cirrhosis. Shah et al^\[[@R26]\]^ reported that risk of gallstone disease was increased in HCV-related chronic liver disease and that the association was especially pronounced in HCV-positive males; this was an important finding because those investigators had excluded subjects with other risk factors for gallstones. In fact, the association between chronic HCV infection and cholelithiasis is even more likely than with the other 2 common etiologies for liver cirrhosis, alcohol, and chronic HBV infection.^\[[@R27]\]^ Given that HCV is a common infection among older adults in certain areas of China^\[[@R11]\]^ it is particularly noteworthy that the present study was able to confirm the greater prevalence of gallstones in HCV-infected individuals compared to non-HCV-infected individuals in a large Taiwan population, also showing the association with older age.

In terms of risk factors, the present study found that HCV infection in females was significantly associated with age, BMI, hypertension, DM, hyperlipidemia, total bilirubin, betel nuts chewing, and smoking, while HCV in males was significantly associated with age, hypertension, DM, TG, hyperlipidemia, direct bilirubin, total bilirubin, HGB level, and betel nuts chewing. Other authors have shown or suggested that lifestyle factors had more influence on the development of gallstones than HCV status.^\[[@R8]\]^

4.2. Gender differences
-----------------------

Our findings relative to gender suggest that females older than 55 years are protected from cholelithiasis. This concept was true despite adjusting for all the possible known risk factors. Although the exact etiology was unknown, our results suggest the influence of female hormonal changes in conjunction with aging. The results of other studies bear this out. Results of another study among a Taiwanese population showed that anti-HCV was associated with gallstones formation in males but not in females.^\[[@R19]\]^ Cirillo et al^\[[@R28]\]^ investigated the effect of estrogen therapy on gallbladder disease, finding that postmenopausal women who had received estrogen therapy had an increased risk of developing biliary tract disease; results suggested a causal association between estrogen and gallstone disease. Another study indicated that the risk of cholecystectomy was increased among women receiving oral estrogen therapy during menopause.^\[[@R29]\]^ In the present study, more females were diagnosed with cholelithiasis during child-bearing years, which is consistent with other studies. A study of pregnancy and cholelithiasis concluded that pregnancy was an important pathogenetic factor favoring gallstone formation in young Chilean women.^\[[@R30]\]^ A higher prevalence of gallstones has been observed in women of all age groups and is particularly evident among younger adults. Among large cohorts included in the noted GREPCO study, Attili et al^\[[@R31]\]^ found a female-to-male ratio of 2.9 between the ages of 30 and 39 years; the ratio narrowed to 1.6 between the ages of 40 and 49 years and 1.2 between the ages of 50 and 59 years. The higher rates in young women were believed to be a result of pregnancy and sex steroids, as subsequent studies have also reported.^\[[@R28],[@R30]\]^ Although aging is a risk factor for cholelithiasis, it appears to be inversely associated among females. Nevertheless, given the abundant evidence, female gender is obviously a risk factor for gallstones formation, as compared to the risk in males, which is more associated with liver disease. In the present study, although this phenomenon was observed in female subjects, it did not reach statistical significance. In subjects older than 55 years, more males had cholelithiasis than females, which could be associated with HCV-infected liver disease in males and hormonal influences in females. The aforementioned evidence regarding increased risk of cholelithiasis as a result of pregnancy and in women receiving estrogen therapy suggests that females at postmenopausal age have a level of protection from gallstones formation.

4.3. Liver disease severity and gallstones
------------------------------------------

For the present study, we evaluated the extent of liver fibrosis to determine whether the degree of liver disease was associated with gallstone development. Although liver biopsy is still the debated gold standard for assessing the degree of liver fibrosis, available noninvasive methods of assessing liver fibrosis were reviewed by Papastergiou et al^\[[@R24]\]^ who suggested that several tests had merit. After performing 3 noninvasive tests of liver fibrosis, we found that only the FIB-4 was significantly associated with the prevalence of cholelithiasis. Among all noninvasive tests of liver fibrosis, FIB-4 provides good discrimination between severe fibrosis (AUROC 0.85) and cirrhosis (AUROC 0.91).^\[[@R24]\]^ Therefore, we were able to understand the status of liver cirrhosis of each participant better than relying on subjective recall of cirrhosis diagnosis in the questionnaires. Results showed that in females older than 45 years, an elevated FIB-4 level indicating increased fibrosis was associated with the occurrence of cholelithiasis.

Cirrhosis is a major risk factor for gallstones.^\[[@R25],[@R27],[@R32]\]^ The increased risk was demonstrated in a longitudinal, cross-sectional study of 1010 patients with cirrhosis^\[[@R25]\]^ in which both prevalence and incidence of gallstones were far higher in patients with cirrhosis than among the general population of the study area; the authors reported this as a "close relation between cirrhosis and gallstones" and "a major risk factor." Acalovschi et al^\[[@R32]\]^ documented liver cirrhosis as a risk factor for gallstones and were among the first investigators to show other significant risk factors for gallstone disease, including HCV infection, in a large patient population with chronic HCV hepatitis, excluding cirrhosis.^\[[@R17]\]^ In addition, Zhang et al^\[[@R13]\]^ reported that the prevalence of gallstone disease was significantly associated with cirrhosis in HCV-infected individuals of both genders. In an attempt to explain these associations, several authors investigated gallbladder motility in patients with chronic HCV hepatitis and cirrhosis, finding that a decrease in gallbladder motility was present in HCV-related cirrhosis and chronic HCV hepatitis.^\[[@R33],[@R34]\]^ Buzas et al^\[[@R35]\]^ attributed this phenomenon partly to an increase in gallbladder wall thickness, which might be a risk factor for gallstone development.

4.4. Limitations
----------------

This study has some limitations. First, it was a cross-sectional analysis, which limits making inferences regarding causality. Future longitudinal studies are required, especially to verify possible causal relationships between postmenopausal females and cholelithiasis. Interview (questionnaire) data are based on self-reports and are therefore subject to recall problems and misunderstanding of questions by participants, and various other factors. To overcome this possible bias, we chose objective laboratory parameters or anthropometric measures rather than variables that may be highly sensitive to subjective alterations. Family history and genetics were not included in the community health screening examinations even though family history studies suggest that genetics has a significant role in the development of gallstones.^\[[@R35]\]^ Also, the precise timeframe of gallstones development and HCV infection was not available in the database so we could not consider this in our analysis. The cohort for this study was not large enough to generate state or local prevalence estimates, and study conclusions may not apply to all populations. Further prospective study of the prevalence of cholelithiasis among HCV-infected individuals is needed to confirm results of the present study, especially gender differences and the influence of female hormones on gallstone formation.

5. Conclusion
=============

Gallstone disease is more prevalent among HCV-infected individuals than among non-HCV infected individuals. HCV status, gender, and age are associated with the development of gallstones, and rates of gallstone development increase with age in males but not in peri- or menopausal females. Females older than 55 years appear to be protected from cholelithiasis, possibly associated with hormone levels although further study is needed to confirm this. These findings may increase clinicians' awareness of contributing factors to gallstone development and help to identify possible candidates for cholelithiasis based on age, gender, and HCV status. Our results may benefit clinical practice by helping to develop better screening plans and prevention measures.

Author contributions
====================

**Conceptualization:** Jing-Hong Hu.

**Data curation:** Jing-Hong Hu, Mei-Yen Chen, Chau-Ting Yeh, Wen-Nan Chiu, Ming-shih Chiang, Ming-Ling Chang.

**Formal analysis:** Jing-Hong Hu, Ming-Ling Chang.

**Supervision:** Ming-Ling Chang.

**Writing -- original draft:** Jing-Hong Hu, Mei-Yen Chen, Chau-Ting Yeh, Wen-Nan Chiu, Ming-shih Chiang, Ming-Ling Chang.

**Writing -- review & editing:** Jing-Hong Hu, Mei-Yen Chen, Chau-Ting Yeh.

Abbreviations: ALT = alanine aminotransferase, APRI = AST to platelet ratio index, AST = aspartate aminotransferase, BMI = body mass index, CHC = chronic hepatitis C, CI = confidence interval, DM = diabetes mellitus, FIB-4 = fibrosis-4 index, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, HDL = high-density lipoprotein, HGB = hemoglobin, LDL = low-density lipoprotein, NPV = negative predictive value, OR = odds ratio, PPV = positive predictive value, TG = triglyceride.

JHH contributed to the conceptualization of the article. JHH, MYC, CTY, WNC, MSC, and MLC contributed to data curation. JHH and MLC did formal analysis. MLC contributed to the supervision. JHH, MYC, CTY, WNC, MSC, and MLC prepared the original draft. JHH, MYC, and CTY reviewed and edited the draft.

No funding was received for this study.

The authors have no conflicts of interest to declare.
